) that was reported by UNSCEAR. Therefore, the studied samples are considered safe in terms of the radiological health hazards, and there is no health hazard from the grain in this region.
I. Introduction
Natural radionuclides are present in every human environment; earth material, water, air, foods, and even our own body contain naturally occurring radioactive. The main natural radioactive sources of ionizing radiation are the long-lived 238 U, 232 Th, and their decay series and the 40 K (Tawalbeh et al., 2011) . Radioactive elements such as uranium and thorium are also present in the atmosphere of cement plants (Adil et al., 2018) . Analysis of these radionuclides in foodstuff is an important part of the environmental monitoring program. These natural radioactive sources are the largest contributor of the radiation doses received by humanity (Abdulaziz et al., 2013) . Naturally occurring potassium 40 K is present virtually in all foodstuff as primary constituent of cellular material (Abdulaziz et al., 2013; Rohit et al., 2014; Awudu et al., 2012; Cumhur and Mahmut, 2013) . Radionuclides can enter the human body through inhalation and ingestion. The ingested radionuclides could be concentrated in certain parts of the body (Tawalbeh et al., 2011) ; therefore, ingestion of radionuclides through food intake may account for a substantial fraction of the average radiation doses to various organs of the body, and this may also represent one of the important pathways for long-term health considerations (Jibiri et al., 2007; Al-Masri et al., 2004) . For example, it has been estimated that at least one-eighth of the mean annual effective dose due to natural sources can be attributed to the intake of food (Jibiri et al., 2007; Gabdo et al., 2015) .
Food is known to contain natural and artificial radionuclides that, after ingestion, contribute to an effective internal dose. It has been estimated that a large portion, at least one-eighth, of the mean annual dose due to natural sources is caused by the intake of food. Average radiation doses to various organs of the body also represent an important pathway for long-term health considerations. 232 Th, 238 U ( 226 Ra), and 40 K are three long-lived naturally occurring radionuclides present in the earth crust. They generally enter the human body through the food chain (Rafat and Fawzia, 2013) . Measurements of natural radioactivity in environmental elements have been carried out in different countries to establish baseline data from the natural radiation levels (Ahmad et al., 2015) . The data on the radioactivity of radium, thorium, and potassium in food are directly related with the safety of population; therefore, this study aimed to provide the basic radiometric data of radioactive in the grain food. The primary purpose of this study is to determine the activity concentration levels of 226 Ra, 232 Th, and 40 K in the different types of grain that are available in Penang markets, Malaysia, to ensure that food safety is not compromised and the effective doses due to ingestions are within the specified safety limits. Several studies have been performed in different countries to determine the radionuclide concentration in different food samples and dose assessment from consumption of that foodstuff by the population (Awudu et al., 2012) . As grain and its products are the main component of daily serving such as breads, rice, and pasta, it is considered as a staple food. The levels of radioactive materials in some grains consumed by population need to be carefully measured so as to forecast any possible associated radiological risk.
II. Methodology

A. Sample Collection and Preparation
In the present study, to determine grain radionuclides' concentration, an experiment was carry out on 18 types of grain samples collected from local markets of Penang city, Malaysia. Afterward, the samples were immediately brought to laboratory within 1 day to prepare the grain samples and to keep them accordingly. Each sample was crashed into fine powder form by blender and passed through sieve with mesh to produce particle sizes of <0.249 mm and hence to obtain uniform sample powder (homogenous), which is in line with the study of Shafaei et al., 2011 . 300 g of each grain sample was weighted using electrical balance; then, the samples put in small plastic tube and sealed to prevent the leakage of radon gas and then stored separately for 1 month to allow radioactive equilibrium stage between 226 Ra and 232 Th and its short-lived decay products before performing radioactivity measurements (Murat et al., 2010; Usikalu et al., 2014) . Then, the radionuclides of 226 Ra, 232 Th, and 40 K in grain samples were measured using high-purity germanium spectroscopy (HPGe detector) (Bashir et al., 2012) .
B. Statistical Analysis
Statistical descriptions were performed using SPSS (Statistical Package for the Social Sciences) for Windows, standard version 22.0. Analysis of the data was carried out by frequency distributions (Pearson correlation) to assess the statistical significance in the three radionuclides measured in the grain samples.
C. Gamma Spectrometry Analysis
In the present work, the measurements of natural radioactivity levels were performed by gamma-ray spectrometry, using a HPGe detector connected to a multichannel analyzer. A high power supply that generates a high voltage (0-1500 V) to the detector through an amplifier at 1332 keV of 60 Co source, having ability to differentiate the gamma-ray energies, was utilized which is in agreement with the study of Gordana et al., 2015 . The gamma spectrometry was shielding by a thick shield (5 cm) of lead encasing the HPGe detector (the inner diameter is 10 cm, and height is 50 cm). The background radiation was determined using an empty container with dimensions similar to that of the samples. The analysis was fixed at the duration of 86,400 s to produce a gamma spectrum that is agree with previous studies (Mohammed et al., 2015; Augustine et al., 2015) . The samples were then placed on the top of the detector and were counted for 86,400 s in an attempt to attain minimum counting error in accordance with the study of Matthew et al., 2015 .
D. Efficiency and Energy Calibrations
In this study, before the analysis of the samples, the calibrations of gamma energy and efficiency calibration for the system were performed using standard sources from the International Energy Agency IAEA, such as 60 Co, 137 Cs, 22 Na,
241
Am, and 226 Ra, that is in agreement with the study of Hossain et al., 2012 . Certified standards of known activities were used to derive the calibration curve for energy and the efficiency of the HPGe detector since the efficiency is an important parameter of HPGe detector (Khandaker, 2011) . The efficiency calibration curve of HPGe detector is shown in Fig. 1 . Furthermore, the absolute efficiency of the HPGe detector for gamma-ray energies was calculated using the following equation (Njinga et al., 2015) :
( 1) Where CPS is counts per second, A t presents activity of the source, and Iγ is gamma-ray intensity per decay.
The analyses of radionuclides of the grain samples were carried out based on the energy peaks of the progenies. Tl (583.191, 84 .5%), but the activity concentration of 40 K was assessed directly from its gamma-ray peak of 1460.83 KeV, 10.67% (IAEA, 1989) which is in compliance with studies made by Darwish et al., 2015; Raymond et al., 2016; and Mohammad et al., 2015. After correcting the background, the concentrations of the radionuclides of 226 Ra, 232 Th, and 40 K of the grain samples were calculated by subtracting the area of prominent gammaray energy from the background radiation using the following equation (Nisar, 2015; Banzi et al., 2017) : Where C is net area under peak, C background is net area of background radiation, t is time of counting (sec), P γ is the absolute transition probability, ε is detector efficiency for the corresponding peak, and w is weight of the grain sample in kg (Njinga et al., 2015) .
Iii. Calculation Of Concentration of Radionuclide and
Hazard Indices
A. Concentration of Radionuclides
The concentration of radionuclides of 226 Ra, 232 Th and 40 K in a unit of Bq.kg −1 has been calculated using the relation in the study of Murtadha et al., 2017, and Nisar, 2015 .
B. Hazard Indices
Assessment of radiological hazard
The relationship between radiation risk and natural radionuclides of 226 Ra, 232 Th, and 40 K can be determined by different radiation hazard indices. In the presented study, three hazard indices were considered, which are as follows (Okeme et al., 2017) :
Radium equivalent activity: The radium equivalent activity (Raeq), which is a single index, used to describe the gamma output from different mixtures of radium, thorium, and potassium in the material. It was calculated from the following equation (Nisar, 2015; Al-Hamed et al., 2017) :
Where C Ra , C Th , and C K are activity concentrations of 226 Ra, 232 Th, and 40 K, respectively. Alpha index: The excess alpha radiation due to the radon inhalation originating from the grain samples is assessed through alpha index, and it was <1. Alpha index (Iα) was calculated according to the following equation (Gordana et al., 2015) .
Annual ingestion dose: The annual ingestion dose (E ING ) for human was coming from consumption of grain, owing to the ingestion of radionuclides.The average consumption of grain product is (3.3) kg y −1 that was reported by the United Nations Scientific Committee on Effects Atomic Radiations in 2000 (UNSCEAR, 2000) . Therefore, 3.3 kg per year has been considered for the estimation of radiation dose to the adult population in Penang . The E ING was calculated using the following equation (Murtadha et al., 2017; Rafat and Fawzia, 2013; Adjirackor et al., 2014) :
Where E ING is the annual ingestion dose (μSv y −1
), A I is the activity concentration (Bq.kg ) of the investigated radionuclides in the vegetables, C is the consumption rate (3.3) kg y −1 Ononugbo et al., 2017) the world median values except for 226 Ra which is agreed with the previous study reported by Matthew et al., 2015 Table I and Fig. 2 .
In Table II , the activity ratio of 232 Th- 226 Ra was ranged between 0.564 in alfalfa sample and 0.779 in kamut sample with an average value of 0.646, the activity ratio of In addition, the external irradiation radon and its shortlived products are also hazardous to the respiratory organs. The alpha radiation producing from the grain is estimated through alpha index should be less than 1 and is calculated according to the equation (Awudu et al., 2012) and average value of Iα is 0.360 Bq.kg −1 that is <1, as shown in Table III , which is in agreement with the study of Gordana et al., 2015, Fig. 2 . The concentration of radionuclides in the samples as the function of the types of samples.
because the recommended limit concentration of 226 Ra is 200 Bq.kg −1 for which I a =1 (Gordana et al., 2015) . It is clear from the results of Table IV , reported by UNSCEAR, 2000, and Asaduzzaman et al., 2014) . Furthermore, the average annual ingestion dose of grain was found to be below the values recommended, 250-400 μSv y −1 , as reported by the WHO, 2011. The differences could be due to the variation in the consumption of the grain and the natural environment in these countries. However, the average total annual ingestion dose in the grain samples is low and, therefore, is not harmful to human health. Th was more stronger than the correlation of 40 K, as shown in Table V .
V. Conclusions
A study of natural radioactivity in the grain samples is usually done to gain information about the levels of harmful of radioactivity in environment and to understand the behavior of natural radionuclides. Therefore, the grain samples for eating are considered to be safe for inhabitants. It is suggested that the values reported in the current study can be considered as within the "normal level" of radiation and is below the worldwide averaged value. The baseline data of this type will almost certainly be of importance in making estimations of population exposure. Ra, and 232 Th in the samples due to ingestions which are within the specified safety limits. Hence, there is no radiological risk in the grain samples in the Penang market, and the results of this study indicated that radionuclide intake due to grain consumption has no consequence on public health. Hence, results concluded that all the three radionuclides contribute significantly to gamma-ray emission at the sampling points. Ra, 232 Th, and 40 K) From Table V , it can be observed that positive correlation exists among the three radionuclides and annual ingestion dose. Pearson correlation showed significant strong positive correlations (1.000**, p value <0.001) for each annual ingestion dose of 226 Ra with the concentration 226 Ra, annual
